IMPORTANCE Survival rates for head and neck cancer have been relatively stable for several decades. Individualized prognostic indicators are needed to identify patients at risk for poorer outcomes.
S
urvival rates for squamous cell carcinoma (SCC) of the head and neck have been relatively stable for decades. Currently, clinicians make treatment decisions primarily by using standard clinical, pathologic, and radiologic variables. These indicators are collectively combined to create an individualized TNM and American Joint Committee on Cancer stage that informs treatment selection and prognosis. Surgeons and physicians treating these patients, however, have an immense interest in further individualizing therapy to allow for de-escalation of treatment in low-risk patients vs additional treatments in high-risk patients. Although the data regarding tumors positive for human papilloma virus suggest that a discrete disease variable can be used to recommend less intense therapy, 1, 2 other biomarkers are needed to better individualize care in this patient population. The tumor environment offers rich possibilities for interrogating and understanding the behavior of head and neck cancers. During the past decade, this area has undergone intense investigation in SCC of the head and neck as well as multiple systemic cancers. Numerous candidate biomarkers have been evaluated in blood, tumor, and saliva specimens with hopes of elucidating disease pathways and predicting prognosis. Several classes of molecules of particular interest have been evaluated, including matrix metalloproteinases (MMPs), interleukins, proangiogenic and antiangiogenic factors, growth factors, and tumor factors.
Biomarkers found in the postsurgical wound are additionally interesting because they potentially represent not only the tumor itself but also the regulated stages of wound healing in the operative bed. Interrogation of the healing wound after surgery for head and neck cancer thus may offer a unique window into the inflammatory and immune tumor modulation that is of high interest to researchers working to understand tumor behavior. Surgical drain fluid from the postoperative wound is a logical specimen of interest to evaluate these complex pathways in hopes of identifying a prognostic biomarker. Furthermore, this specimen type is routinely clinically collected and discarded and, as such, adds no additional risk to the patient and little inconvenience to the investigator. We sought to evaluate surgical drain fluid to determine whether drain fluid cytokine levels in patients with head and neck cancer are associated with poor cancer outcomes.
Methods
We performed a prospective cohort study at the University of Minnesota Medical Center, Minneapolis, a tertiary care center, from April 1, 2011, through February 1, 2016. Patients with head and neck cancer who were recommended to undergo open surgical treatment requiring drain placement were recruited and enrolled from our academic practice. Patients with upper aerodigestive tract SCC of the head and neck entered the cohort. This study was approved by the institutional review board of the University of Minnesota. All patients provided written informed consent.
Treatment decisions were made based on standard clinical criteria, including tumor conference evaluation. Patients were subsequently treated with surgery; all enrolled patients underwent a selective or modified radical neck dissection. At the completion of the surgery, standard 10-mm flat silicone surgical drains (Jackson Pratt; Cardinal Health) were placed as clinically indicated. All patients had at least 1 drain placed running medial to lateral and superior to inferior in the lateral neck. All surgical procedures were extirpative (none were completed for any other indication such as infection or hematoma). All patients received antibiotics by a standard perioperative protocol. All wounds were fresh surgical wounds with no evidence of wound infection at the time of drain fluid sample collection. Wound fluid samples were collected from all patients undergoing surgery beginning on postoperative day 1 at a protocol-directed time from surgery. Once collected, the fluid samples were stored using a standard protocol in a −80°C freezer.
Surgical drain fluid samples were collected postoperatively every 8 hours until drains met clinical criteria for removal. Every 8-hour period of sequential wound fluid collection was deemed to be a shift throughout this report. Surgical drain fluid was evaluated for a panel of biomarkers present in the tumor environment and/or healing wound by an investigator blinded to clinical outcome end points. Biomarkers were measured by electrochemiluminescent, patterned array, multiplex technology (Spector 6000; Meso Scale Diagnostics, LLC). Biomarkers were evaluated from fluid samples collected after the first postoperative 8-hour shift on the morning of postoperative day 1. Each fluid sample was evaluated in duplicate with standards according to assay protocol.
Fluid samples were evaluated for MMP-1, MMP-3, and MMP-9 levels. These proteolytic enzymes are known to degrade the extracellular matrix and are involved in tumor angiogenesis, cell growth and differentiation, cell migration, tumor invasion, and apoptosis. 3, 4 Matrix metalloproteinase levels were measured in their proactive and active forms in the assayed drain fluid. Wound fluid samples were also evaluated for several angiogenesis-related markers. Vascular endothelial growth factor isoform A (VEGFA) and placental growth factor (PIGF), both protein isoforms in the VEGF family, were both
Key Points
Question Are wound fluid biomarkers in patients with oral cavity or oropharyngeal cancer associated with cancer prognosis?
Findings In this cohort study of 20 adults after surgical extirpation, assays of wound fluid biomarkers indicated that levels of matrix metalloproteinases 1 and 3 and soluble fms-like tyrosine kinase 1 were associated with recurrence; vascular endothelial growth factor isoform A, with nodal metastasis; and basic fibroblast growth factor, with lymphovascular invasion. No biomarkers assayed showed a statistically significant association with disease-free survival.
Meaning Measurement of biomarkers in surgical drain fluid potentially represents a novel means of assessing cancer prognosis in this population.
measured as factors promoting tumor and wound angiogenesis. Soluble fms-like tyrosine kinase 1 (sFlt-1), a VEGF antagonist or the soluble form of VEGF receptor-1, was also measured as an antiangiogenic indicator. 5 Basic fibroblastic growth factor (bFGF or FGF2) was additionally assayed; this cytokine represents a basement membrane and vessel extracellular matrix component and plays an important role in healing and angiogenesis by the regulation of cell differentiation, migration, and proliferation. 6 All of these factors were measured in their soluble forms in the drain fluid samples. A subset of patients had additional biomarker analysis performed to evaluate for trends during the postoperative hospitalization. These patients represent a convenience sample of the enrolled population and had specimens available for 4 total 8-hour shifts. For these patients, biomarkers were measured at the first recorded shift and then additionally at the 3 subsequent shifts.
Clinical and pathologic characteristics were also recorded for all patients. Disease site, TNM status, and American Joint Committee on Cancer stage were recorded. Each patient underwent evaluation for comorbidity severity using the Adult Comorbidity Evaluation-27 instrument (range, 0 [none] to 3 [severe]).
7 Prognostic cancer variables, including perineural invasion, lymphovascular invasion, and tumor differentiation, were documented. Evidence of recurrence was recorded; any occurrence of local, regional, or distant recurrent For statistical analysis, the mean of 2 readings of each biomarker (each was measured in duplicate) was calculated for each patient. Data transformation was needed owing to nonnormal distribution of raw data. Analysis of the biomarkers was performed in the natural logarithmic scale, with 2-sample, 2-sided t tests assuming unequal group variances testing differences in cytokine levels at shift 1 by survival outcome, recurrence status, nodal metastasis, and lymphovascular invasion. The geometric means were obtained by exponentiating the mean in the log scale to convert back to the units of measurement in the original scale. The results were reported as the ratio of the geometric means together with the 95% CIs to estimate the relative difference between patients without the outcome compared with those with the outcome (eg, recurrence). In addition, a repeated-measures analysis was performed for the subset of patients with fluid samples collected during four 8-hour shifts to evaluate the main effects associated with disease outcomes and shifts and the interaction effect between them on the biomarkers. Figure 1 and Figure 2 include the geometric means and their corresponding 95% CIs. Statistical significance was defined as P < .05. All analyses were performed using SAS software (version 9.3; SAS Institute). 
Yes No
Graphs depict geometric mean values of biomarkers by presence (yes) or absence (no) of recurrence and 8-hour shift (every 8-hour period of sequential wound fluid collection was deemed to be a shift). Only the soluble fms-like tyrosine kinase 1 (sFlt-1) level had an interaction assessment that reached statistical significance for recurrence. Error bars indicate 95% CIs. bFGF indicates basic fibroblastic growth factor; MMP, matrix metalloproteinase; PIGF, placental growth factor; and VEGFA, vascular endothelial growth factor isoform A. The cohort included only patients with oral cavity or oropharynx primary tumors. Although patients with tumors in other anatomic tumor sites were recruited, none were enrolled. Tobacco and alcohol use were relatively well balanced among current, former, and never users. Most patients had mild overall comorbidity as assessed by the Adult Comorbidity Evaluation-27 score. We then evaluated for associations between wound fluid biomarker levels and the survival outcomes and recurrence ( Table 2) . We found no statistically significant association between any of the MMPs or cytokines and survival outcome. Patients with recurrence, however, had significantly lower levels of MMP-1 and MMP-3; the relative difference for MMP-1 was 2.78 (95% CI, 1.23-6.29) and for MMP-3 was 5.29 (95% CI, 2.14-13.05). We also found a statistically significant association between sFlt-1 levels and recurrence, with levels of the cytokine being lower in patients who experienced recurrence (relative difference, 3.75; 95% CI, 1.84-7.65).
We performed further analysis to investigate possible associations between biomarker levels and overall survival, nodal metastasis, and lymphovascular invasion ( Table 3) . Levels of VEGFA were associated with nodal metastasis, with lower levels measured in patients with nodal disease (relative difference, 1.98; 95% CI, 1.12-3.51). Significantly lower levels of bFGF were seen in patients with compared with patients without lymphovascular invasion (relative difference, 1.74; 95% CI, 1.02-2.97).
A repeated-measures analysis was performed on a subset of 10 patients who constituted a convenience sample of this small cohort and who had wound fluid samples collected during each of the first 4 postoperative shifts ( Figure 1 and Figure 2 ). The cytokine levels assessed in this study were expected to change over time as the healing wound transitioned from the hemostatic to inflammatory to angiogenic phases of normal postoperative wound healing. Thus, this portion of the study was primarily designed to evaluate for interaction between outcome (survival or recurrence) and changes in values across shifts. We evaluated for interaction between disease outcome (survival and recurrence) and shift to determine whether changes in biomarker levels were different between patients who died or had recurrences and those who did not (Figures 1 and 2 ). Only one of these interaction assessments was statistically significant (Figure 2E ), reflecting sFlt-1 levels and showing that the pattern of change over time was clearly different between the 2 groups (P = .02). Patients with recurrences had a gradual increase in levels from the first shift to the last, whereas those without recurrences had lower sFlt-1 levels at the last shift. In the remainder of the interaction assessments, some interesting changes were evident; however, none reached statistical significance. In Figure 1E and F, an interaction between the change in sFlt-1 and PIGF levels is revealed across shift and survival outcomes. In Figure 2F , a potential interaction between change in PIGF levels is suggested across shift and recurrence. Although these findings were not statistically significant, likely owing to inadequate power and small sample size, they represent areas of interest for future evaluation.
In this repeated-measures analysis (Figures 1 and 2) , we also evaluated the biomarker levels for a main effect of survival (the mean across the 4 shifts), and none of the cytokine levels were significant. We performed a similar analysis to see whether the biomarker value was associated with recurrence. This association was statistically significant for MMP-3 (P = .04) ( Figure 2B ). We further evaluated the main effect for shift to see whether biomarker levels differed by shift, and we found this to be true in a statistically significant manner for MMP-1 (P = .001), MMP-3 (P < .001), MMP-9 (P = .047), bFGF (P = .005), sFlt-1 (P = .02), and PIGF (P = .04) ( Figure 1B -D and F and Figure 2A -D and F). As mentioned above, this finding was expected because cytokine values normally change as part of the wound-healing cascade.
Discussion
Clinicians caring for patients with head and neck cancer seek improved ways to determine prognosis and individualize therapy. Biomarkers present in the tumor environment and healing wound represent attractive candidates for objective and predictive markers of anticipated cancer outcomes. Several scientists in the field of head and neck cancer and specialists with other systemic cancers have pursued the identification of such markers in tumor, saliva, and serum or blood specimens.
3,6,8-13
Although this work is extremely promising for the development of a prognostic biomarker and for understanding the tumor microenvironment, certain drawbacks are associated with using these types of specimens. Tumor tissue provides the most information about prognosis from a histologic standpoint and likely represents the criterion standard as a source of candidate biomarkers. This tissue availability is limited, however, and often difficult to access. Tissue specimens beyond that needed for standard clinical indications may not be available or may be difficult to obtain routinely. Alternatively, saliva is easily accessible, but the specimens may not be universally representative of all types of head and neck cancers, simply because of the proximity to the tumor. Finally, blood or serum is likewise relatively easily accessible; however, these specimens may reflect the overall systemic response to cancer vs the local tumor environment.
For these reasons, postsurgical drain fluid is an attractive specimen candidate for evaluating the tumor environment and identifying a prognostic biomarker. First, drain fluid samples are collected as part of routine clinical care and are routinely discarded. As such, the collection of drain fluid samples adds no additional risk or inconvenience to the patient or the clinician. Furthermore, samples of this serosanguinous fluid are collected from the region surrounding the tumor and may be an easily accessible means by which to interrogate the tumor environment.
In this study, we found 3 biomarkers that were associated with recurrence in our population with head and neck cancer. Matrix metalloproteinases 1 and 3 were associated with recurrent disease in a statistically significant manner, and their levels were lower in patients who experienced recurrence. Likewise, MMP-3 was found to be associated with recurrence in our repeated-measures analysis. Matrix metalloproteinases 1 and 3 levels have been found to be associated with prognosis in other studies of cancer biomarkers. Significant basic and trans- Abbreviations: bFGF, basic fibroblastic growth factor; MMP, matrix metalloproteinase; NED, no evidence of disease; PIGF, placental growth factor; sFlt-1, soluble fms-like tyrosine kinase-1; VEGFA, vascular endothelial growth factor isoform A. lational science work by Rosenthal and Matrisian 4 has elucidated an important role for MMPs in head and neck cancer tumorigenesis, invasion, and metastasis. Fitting with our findings, several investigators 3,14-16 have found MMP-1 and MMP-3 to be overexpressed or clinically associated with poor prognosis in head and neck cancer. Our data did not support a statistically significant association with MMP-9 and poor prognosis; other studies, 8,16-21 however, have found that MMP-9 and MMP-2, the latter of which was not assayed herein, serve important roles in head and neck cancer. The process of tumor angiogenesis is important in head and neck cancers. 22 As such, the proangiogenic and antiangiogenic factors assayed herein were found to be associated with cancer prognosis. Soluble tyrosine kinase inhibitor type 1 is the soluble form of VEGF receptor 1 and is thought to be a VEGF antagonist. Soluble tyrosine kinase inhibitor type 1 binds VEGFA and PIGF to block pathways of angiogenesis. In our study, sFlt-1 was found to be associated with recurrence, with lower values of this cytokine present in patients with recurrence. Although other groups appreciated this association in esophageal cancer, 5,23 we did not find this association to be previously reported in head and neck cancer.
In addition to sFlt-1, other factors essential to angiogenesis were found to be associated with cancer characteristics in a significant manner. Levels of VEGFA were associated with incidence of nodal metastasis, and other groups have found a similar association between VEGFA and prognosis. [22] [23] [24] [25] [26] In addition, in recent years, PIGF has been found to play an important role in tumor angiogenesis and progression by binding to VEGF receptor-1 and by augmenting the effects of VEGFA. 5 We did not see a significant association between PIGF and recurrence or disease-free survival in our interaction assessments but found the suggestion of interaction in our repeated measures analysis. The curves for sFlt-1 and PIGF levels suggested that the change in value of these markers over time may be associated with head and neck cancer recurrence and disease-free survival. An association between PIGF levels and prognosis has been seen in other systemic cancers, including gastric, colorectal, breast, and lung, 26-31 as well as in work by Cheng et al 32, 33 for SCC of the oral cavity in serum and tissue specimens. Additional serial study of these angiogenesis-related biomarkers in the postsurgical setting is indicated to evaluate these findings. Finally, we found a statistically significant association between bFGF and lymphovascular invasion, with lower levels of the marker in patients with lymphovascular invasion. Basic fibroblastic growth factor plays a key role in angiogenesis and cellular invasion and has been evaluated for its role in head and neck SCC, thyroid carcinoma, and systemic malignant neoplasms. Expression of bFGF has been found to be present in tumor vs normal tissue in the head and neck 34 and is thought to be a potential marker of prognosis in esophageal SCC. 35 Other groups 36-38 assayed bFGF in serum and urine samples, and likewise, some of these groups suggested that the biomarker may be a marker of poorer prognosis.
Strengths and Limitations
This study has several strengths. The study used a novel means of assessing prognosis in patients with head and neck cancer. In addition, the protocol used could be relatively easily transferred to clinical practice and thus has promise of actual utility in populations with head and neck cancer. The present study also had several limitations. The sample size was very small, and as such, the study was performed in a pilot fashion. Thus, the work must be replicated in larger studies. Despite the small sample size, however, several significant associations were evident and suggest the value in further study. In addition, because this study was performed in a pilot fashion, several potentially relevant biomarkers of the tumor environment were not assayed, and additional study should include other cytokines and chemokines that are thought to influence prognosis and wound healing. Furthermore, multivariate analysis was not performed because the distribution of tumor prognostic factors (TNM classification and stage) among this small cohort of patients was prohibitive for this type of analysis. In future studies of the biomarkers of importance identified herein, a larger sample size will allow for the performance of univariate and multivariate analyses to control for other important prognostic factors associated with the outcomes evaluated. Those analyses, if confirmatory, would strengthen the present conclusions.
Finally, we recognize that healing wounds have inherent patient-to-patient variability. All patients in this study had surgical wounds from which fluid samples were collected beginning on postoperative day 1 after extirpative surgery, and a subset had wound fluid samples collected during the subsequent 8-hour shifts. All patients received a standard perioperative antibiotic treatment protocol, and none had evidence of wound infection. Thus, the wound fluid samples collected were obtained during the initial hemostatic, inflammatory, and proliferative phases of standard wound healing. These tightly regulated physiologic events involve a complex cascade of cellular migration; cytokine, chemokine, and protease release; and cellular and matrix deposition. Although wound fluid has been assessed in systemic sites such as the breast or in traumatic wounds, it has been studied minimally in the population with head and neck cancer. Candau-Alvarez and colleagues 39 recently found that interleukin 1β and tumor necrosis factor in wound fluid samples collected on days 1 and 3 after neck dissection predicted surgical site infection, but we are not aware of other studies that have used biomarkers in postsurgical wound fluid to evaluate head and neck cancer prognosis. Thus, although a healing surgical wound is the site of considerable biological complexity, only through studying and reporting biomarker levels in patients with head and neck cancer will we determine norms for future study.
Conclusions
Clinicians who treat head and neck cancer seek improved means by which to individualize prognosis estimates and treatment programs for patients. The tumor environment and surrounding postoperative wound serve as rich repositories for potential head and neck cancer biomarkers. Our study suggests that MMP-1, MMP-3, and sFlt-1 levels in postsurgical drain fluid are significantly associated with tumor recurrence. Furthermore, VEGFA levels were associated with nodal metastasis, and bFGF levels were associated with lymphovascular invasion. These findings must be further evaluated in larger studies, but our study used a novel means of evaluating head and neck cancer that, if replicated, has the potential for reallife clinical utility in the future. 
